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UNITED STATES PATENT OFFICE 
2,616,254 

UET ENGINE FUEL CONTROL FOR MOD 
FYING FUEL PRESSURE DROP ACROSS 
THROTTLE N ACCORDANCE WITH AL 
TTUDE 

Frank C. Mock, South Bend, Ind., assignor to 
Bendix Aviation Corporation, South Bend, Ind., 
a corporation of Delaware 
Application January 4, 1945, Serial No. 571,237 

'4 Clains. 

This invention relates to a fuel feeding appa 
ratus and more particularly to an arrangement 
for controlling the flow of fuel to a gas turbine, 
jet propulsion apparatus or other power plant of 
the type which may utilize the energy of com 
bustion and expansion of a fuel mixture for the 
propulsion of aircraft. 
One of the objects of the present invention is 

to provide a novel apparatus for controlling the 
delivery of fuel to a gas turbine of the type 
wherein a combustible mixture is ignited and 
burned, and the expanding gases may be utilized 
for the propulsion of aircraft. 
Another object is to provide a fuel controlling 

device of the foregoing character wherein the 
metering of fuel is effected in such a manner as 
to maintain the speed of the turbine substantially 
constant, at a selected throttle position, irrespec 
tive of variations in altitude. 
A further object comprehends the regulation 

of the delivery of fuel in a novel and improved 
manner and including the variation of the quan 
tity of fuel conducted to the turbine in accord 
ance with a function of changes in air density, 
thereby achieving a highly efficient control of 
the combustible mixture and securing optimum 
turbine performance throughout wide ranges of 
operating conditions. 
A further object resides in the provision of a 

fuel regulating apparatus for use with a gas tur 
bine of the foregoing character, which will be 
entirely automatic in operation, while retaining 
the usual power control mechanism or throttle 
operable by the pilot for varying the turbine 
speed. 

Still another object is to provide a novel appa 
ratus for automatically regulating the liquid fuel 
supply to a gas turbine without requiring the 
regulation of the air Supply, thus securing an 
unusually eficient operation of the generating 
units. 
A still further object includes a novel struc 

tural arrangement for Securing a highly in 
proved efficiency of operation of a gas turbine of 
the foregoing type. 

Other objects and novel features of the inven 
tion will appear more fully hereinafter from a 
consideration of the following detailed descrip 
tion when taken in connection with the accom 
panying drawings illustrative of the novel appa 
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ratus constituting the invention. It is to be ex 
pressly understood, however, that the drawings 
are employed for purposes of illustration only 
and are not designed as a definition of the limits 
of the invention, reference being had for this 
purpose to the appended claims. 
Referring to the drawings, wherein similar 

reference characters refer to similar parts 
throughout the Several views: 

Fig. 1 is a longitudinal Sectional view of a gas 
turbine or power plant illustrating the novel fuel 
control mechanism of the present invention; 

Fig. 2 is a diagrammatic view of the fuel con 
trol mechanism showing the relationship of the 
various parts thereof; and 

Fig. 3 is an enlarged sectional view of a portion 
of the nozzle and burner tube of the fuel control 
mechanism of Figs. 1 and 2. 
A fuel controlling apparatus constructed in 

accordance with the present invention is illus 
trated in Figure as being associated with a jet 
propulsion apparatus 0 suitably mounted on an 
aircraft engine nacelle 2 as by means of a Suit 
able support f4. The nacelle 2 is provided with 
an inwardly directed air inlet 6, and an outlet 
8, the latter being shaped in such a manner as 

to provide a reaction or exhaust member for 
conducting the expanding gases to the atmos. 
phere to provide a propulsive effect, 
The jet propulsion apparatus 0 more particu 

larly-includes an inlet manifold 20 for receiving 
compressed air from a compressor 22 and for 
delivering the air to a plurality of generators 24, 
arranged about the longitudinal axis of the 
nacelle, f2, each of the generators including a 
burner unit 26, and all of the generators directing 
the gaseous products of combustion issuing there 
fron, against the blades 28 of a turbine 3. 
Preferably, a set of stationary blades 32, mounted 
upon a stationary Support 34 is provided for 
directing the gases against the blades 28 in order 
to secure the desired directive flow of such gases 
for maximum efficiency. As shown, the turbine 
30 is so arranged as to synchronously drive the 
compressor 22, a shaft 36 mounted to rotate in 
support 34, being drivably connected with the 
turbine and compressor for this purpose. 

In order to control the flow of fuel to the 
burner units 26, a novel control assembly 38 is 
provided, the assembly being suitably mounted in 
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a chamber 40 of the nacelle 2 and being adapted 
to supply liquid fuel under pressure through con 
duits 42 and 44 to concentrically arranged fuel 
headers 46 and 48 respectively, the latter being 
provided with outlet conduits 50 and 52 for con 
ducting fuel to two-stage fuel nozzles 54. It will 
be understood that each of the burner units 26 
is provided with a nozzle 54 and that each of the 
latter is connected with the headers 46 and 48 
through the conduits 50 and 52. As shown, the 
control assembly includes a power control or 
throttle lever 56 which may be controlled by the 
pilot in any suitable manner in order to vary 
the quantity of fuel conducted to the burner 
units, and such assembly also includes a baro 
metric control unit 58 for securing a variation 
in the fuel flow in a manner which will appear 
more fully hereinafter. 
The novel control mechanism of the present 

invention is more particularly illustrated in Fig 
ure 2, wherein fuel from a suitable source 60 is 
conducted to the headers 46 and 48 by means of 
interconnected conduits 62 and 64, the latter 
communicating with a valve chamber 66 from 
which the conduits 42 and 44 conduct fuel to 
the respective headers. Means are provided for 
supplying fuel under pressure from the Source 
60 to the nozzles 54, and as shown, Such means 
includes a suitable pump 68, positioned within 
the conduit 62, and which may be driven from 
the power shaft 36 in any convenient manner, 
not shown. In order that the pilot may readily 
control the fuel flow, a metering restriction or 
orifice 70 is interposed between the conduitS 62 
and 64, and a suitable needle valve 2, connected 
with the power control lever or throttle 56, is 
mounted to cooperate with the restriction in 
order to vary the size thereof. Thus, by varying 
the position of the control lever 56, the pilot may 
change the effective area of the restriction 10 
for the purpose of varying the quantity of fuel 
conducted to the burner units 26, thus causing 
a variation in the speed of rotation of the tur 
bine 30 and consequent change in the Speed of 
the aircraft. 
One of the features of the present invention 

resides in a novel arrangement for automatically 
controlling the flow of fuel to the burner units 
26 with any given setting of the power control 
lever 56, in such a manner as to maintain the 
speed of rotation of the turbine 30 substantially 
constant, regardless of variations in atmospheric 
density. Thus at a given turbine Speed and a 
given rate of fuel feed as determined by the 
power lever setting, and with the aircraft at a 5. 
predetermined altitude, it will be understood that 
as the aircraft ascends, a decreased weight of 
air would be delivered to the generators which 
at the given rate of fuel feed would result in an 
increase in turbine or engine Speed. Under these 
conditions, the arrangement of the present in 
vention is such that a decreased amount of fuel 
is delivered and for engines of the type for which 
the herein-disclosed fuel system is adapted, the 
fuel required to maintain a given Speed has been 
found to vary approximately in direct propor 
tion to the entering air density. 
As shown, the aforesaid automatic control in 

cludes a pressure responsive device T4 which is 
so arranged as to be subjected not only to the 
pressure differential existing across the restric 
tion T9, but also to the action of the air density 
device 58. More particularly, the device 4 in 
cludes a poppet valve 76 movable to variably 
control a by-pass connection 78 from the outlet 
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to the inlet of the pump 68, the valve being 
housed within a suitable casing 80, and being 
connected to a pressure-responsive diaphragm 
82 having substantially the same effective area 
as the head of the poppet valve. The casing 80 
includes a chamber 84 below the diaphragm 82, 
which is constantly subjected to the pressure of 
the fuel on the downstream side of the restric 
tion 70, through a conduit 86 connecting the 
chamber 84 with the conduit 64. Resilient means, 
such as a spring 88 serves to variably load the 
diaphragm 82 as a function of Variations in air 
density, in a manner which will appear more 
fully hereinafter, and in so doing variably con 
trols the differential pressure across orifice 70 as 
a function of air density. 
For the purpose of variably loading the spring 

88 as a function of air density, the device 58 is 
constituted by any suitable aneroid capsule which 
responds to variations in baronnetric pressure and 
atmospheric temperatures, and may be mounted 
within the chamber 40, Figure 1, Suitable open 
ings 90 and/or 92 being provided in the chamber 
wall so that the atmosphere therein reflects vari 
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ations in the outside air density. As shown, 
movements of the device 58, in response to vari 
ations of air density, are transmitted to the 
Spring 88 by means of any Suitable type of torque 
amplifying mechanism 94. In the form of 
the invention illustrated, the mechanism 94 com 
prises a hydraulic servo piston 96 having a pis 
ton rod 98 extending upwardly into chamber 84 
and provided With a plate or support '09 forming 
an abutment for one end of the spring 88, the 
opposite end of the piston rod being pivotally con 
nected to one end of a lever f02 through a link 
94. Fluid under pressure is conducted to and 

from opposite sides of the piston 96 by a control 
valve OS having valve chambers fo8 and G 
separated by a land 2, the valve being housed 
within a casing 4, provided with outlet con 
duits 6 and 8, aSSociated with opposite sides 
of the piston 96, and being provided also with a 
fluid pressure inlet 20 and an outlet or exhaust 
22. Lever 92 is pivotally connected through a 

link 24 with one end of the valve 06, and is 
pivotally connected intermediate its ends at 26, 
with a fulcrum rod 28, the latter being normally 
resiliently urged to the position shown as by 
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means of a spring 30. The fulcrum rod is ex 
tended below the connection f26 and is provided 
with a roller 32 adapted to contact the face 34 
of a cam 36, the latter being pivotally mounted 
on a stationary part 38, and being adapted to be 
moved about the pivotal mounting by a movable 
wall 39 of the device 58, through a link 40 con 
nected therewith. - 

With the aforementioned construction it will 
be readily perceived that any change in air 
density will affect the loading of the spring 88. 
Thus should the air density increase, the device 
58 tends to collapse, and movement of wall 39, 
will through the cam 36, move the fulcrum rod 
f 28 upwardly. During such movement, the end 
of lever 02 connected with the piston 96 tends to 
remain stationary and hence the valve 06 is 
moved upWardly to conduct fluid pressure from 
the inlet 20 to the space below the piston 96 by 
way of chamber 9 and conduit 8. Simul 
taneously therewith, the space above the piston 
is connected with the outlet 22 by way of con 
duit 6 and chamber 98. Thus the piston 96 
moves upwardly to increase the loading of the 
spring 88. 

During such upward movement, the valve 06. 
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is moved to a lapped position, and if no further 
change in air density occurs, the parts will OC 
cupy the new position. This will be readily un 
derstood when it is considered that as the piston 
96 moves upwardly, the lever f02 pivots about the 
connection 26 and moves the valve fos down 
wardly to the lapped position shown. It will also 
be perceived that in the event the air density 
decreases and the device 58 expands, the fulcrum 
rod 28 will be moved downwardly under the ac 
tion of spring 30, in maintaining the roller 32 
against the cam face f34, and the valve 06 
will be moved downwardly to supply fluid pres 
sure above the piston 96. Movement of the lat 
ter reduces the loading of the spring 88, and as 
in the previously described condition, the parts 
will be arrested in the new position, as deter 
mined by the movable wall of the air density de 
vice. 58. It will be readily observed therefore, 
that the loading of the spring 88, and the effect 
of the latter in controlling the by-passing of 
liquid fuel around the pump may be readily con 
trolled by movements of the air density device 
58, and that any desired variation in the loading 
may be secured by imparting to the can face 
34 the proper profile. 
In considering the action of the above-de 

scribed pressure-responsive device 74, it should 
be borne in mind that the quantity of liquid fuel 
flowing past the restriction 70 to the burner units, 
at any selected position of the valve 12, is de 
termined by the pressure differential across the 
restriction. With the arrangement proposed, 
such pressure differential is determined by the 
action of the pressure-responsive device 14 in 
by-passing fuel around the pump, and the ac 
tion of the device 74 is modified in accordance 
with a function of variations in air density. 
Hence the head effective to control fuel flow to 
the burners, and the quantity of the fuel de 
1ivered, with a selected position of valve 12, is 
a function of air density. It will be apparent 
that with such a control, flow regulation and 
calibration are unaffected by change in size or 
restriction in the nozzle structure downstream 
from the metering orifice 70. Also, a given 
change in the loading of spring 88 will produce 
a fixed percentage change in the fuel flow past 
orifice 70 irrespective of the position of valve 2. 

s: In order to effectively control the flow of fuel 
from the nozzles 54 under various conditions of 
pressure, each nozzle preferably comprises a two 
stage structure which is so constituted that one 
jet is open under all conditions of operation, 
while a second jet is only opened when certain 
predetermined pressure differential conditions 
exist. As shown, Fig. 3, the nozzle 54 includes a 
jet 44, having free communication with the 
header 48, through a sleeve 46 connected with 
conduit 52 and being provided with a central 
opening 48 connected with a plurality of radially 
extending ducts 50, the latter communicating 
at their outer ends with a series of grooves 52. 

... These latter are preferably formed tangentially 
on the tapered end 54 of the jet so that the 
fuel issuing from the grooves 52 will be given 
a swirling motion as it passes through the ori 
fice 56, formed in the tapered end 58 of sleeve 
46, into the burner unit. The size of the ori 

fice 56 is such as to accommodate all of the 
fuel flow under idling conditions of operation. 

... Concentrically arranged with respect to the 
jet 44 is a nozzle body 60 provided with a 

... discharge orifice f Si to which fuel is conducted 
from the header 46 by way of conduit 50, cham 
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6 
bers 62, 64, 66 and grooves 68. Preferably 
the grooves 68 are arranged tangentially in the 
tapered end 58 of the sleeve 46 so that the 
fuel issuing from the grooves 68 also has im 
parted thereto a Swirling movement as it passes 
through the orifice 6. 
Means are provided for cutting off communi 

cation between the discharge orifice 6 and the 
fuel conduit 64 when the turbine is operating at 
normal idling speed and establishing such con 
munication when the Speed rises above the idling 
or some relatively low value. As shown, such 
means comprises a valve 70, normally urged 
to close communication between conduit 42 and 
chamber 66, as by a suitable pressure-responsive 
device 72 mounted upon One wall of the cham 
ber. The interior of the device T2 is constantly 
subjected to the pressure within the generator 
24 through a conduit T4, and since the exterior 
of the device is subjected to the fuel pressure 
within the chamber 66, it will be readily under 
stood that when the pressure differential acting 
on the device 72 reaches a predetermined value, 
as determined by the characteristics thereof, the 
valve flo will open and the fuel supply issu 
ing from the jet 44 will be supplemented by 
that supplied by way of the nozzle body 60. 
Thus during idling conditions, when the fuel 
requirements of the burner are low, fuel is Sup 
plied through the idling jet 44. On the other 
hand, when additional fuel is required, the valve 
70 will open and supply fuel to the nozzle body 

160 upon a predetermined rise in the pressure 
differential existing between the fuel Supply con 
duit 64 and the interior of the generator. 
An important aspect of the present invention, 

as heretofore pointed out resides in the control of 
the fiOW of fuel to the generators, at any given 
throttle control position, as a function of air den 
sity, and as has been previously described, the 
cam 36 may be so constituted that the Spring 
88 may be variably loaded through the operation 
of the air density device 58 to secure any desired 
responsive movement. For example, the can face 
134 may be so profiled, and arranged with re 
spect to the connections to the spring 88, as to 
effect a variable loading of the latter in accord 
ance with variations in movements of the device 
58 in order to secure a linear relationship between 
the pressure differential across orifice 70 and 
movements of said device. On the other hand, 
the relation of novement between these parts. Iihay 
be such that the pressure differential across re 
striction 73, at any given throttle valve setting 
is controlled so as to vary in accordance with a 
function of the air density where the latter is 
raised to a power greater than one or is controlled 
as a non-linear function of the air density. Pref 
erably, the arrangement is such that the afore 
said pressure differential varies substantially as 
the square of the air density, and the cam 35 
may be constructed with a substantially para 
bolic contour so as to load spring 88 in proportion 
to the Square of the novement of capsule 58 to 
secure this result. With such an adjustment, the 
quantity of fuel delivered to the burners varies 
directly with the air density, thus securing sub 
stantially constant turbine speed at any given 
throttle setting, irrespective of variations in alti 
tude. 
In operation, it will be understood that the 

turbine cycle is started in any suitable manner, 
such as by rotating the shaft 36 and igniting the 
fuel mixture within the burner units 26. With 
the control lever 36 in a position corresponding 
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to normal idling, fuel is conducted from the pump 
68 to the header 43 and thence to the burner 
units 26 by way of conduits 62, 64, chamber 66, 
conduits 44 and 52, and jet 44, it being under 
stood that the air compressed by the compreSSOr 
22, due to operation of the turbine 30 is conducted 
to the manifold 20 and through openings 6 to 
the interior of the burner units 26, where it mixes 
with the fuel issuing from the orifice 6 to form 
the combustible mixture. The expanding gases 
resulting from the burning of such mixture are 
directed to the blades 28 to rotate the turbine 30, 
and thereafter these gases are conducted to the 
atmosphere by way of outlet 8 to secure the de 
sired jet propulsive effect. 
Under the above mentioned idling conditions, at 

a pressure corresponding to sea level, the fuel de 
livered to the conduit 64 will be automatically con 
trolled by operation of the pressure-responsive 
device 74, in order to maintain constant the pres 
sure differential across the restriction 70. It will 
also be understood that such pressure differential 
is likewise maintained constant, aSSunning that no 
change in barometric pressure is effected, in the 
event that the size of the restriction 70 is varied 
by opening the valve 72. This feature will be un 
derstood when it is considered that the valve 76 
and diaphragm 82 of the device 4 are respec 
tively subjected to the action of the fuel pres 
sures in conduits 62 and 64, the spring 88 acting 
on the diaphragm and valve assembly to control 
the pressure differential. Thus if the pressure in 
either conduit tends to vary, the valve 6 Will 
move to control the by-passing of fuel to reestab 
lish the desired differential. 

In the event that the valve 72 is opened wider, 
the pressure of the fuel in conduit 64 and cham 
ber 66 will increase, and in a manner heretofore 
described, when the pressure differential between 
chamber 66 and the generator 24 reaches a pre 
determined value, the valve 70 opens and ad 
ditional fuel is conducted to the burner units 
through nozzle body f60 and discharge orifice 
f6. Thus the fuel quantity available for mix 
ing with the air is augmented under these con 
ditions. 
Due to the use of the air density device 58, 

any change of altitude of the aircraft will effect 
a variation of the loading of the Spring 88 acting 
upon the diaphragm 82 and thus the character 
istics of the pressure-responsive device 74 will 
vary. Thus in the event that the altitude is de 
creased, assuming that the setting of the control 
lever 56 is not changed, the device 58 contracts 
and movement of the wall 39 thereof will, 
through the torque amplifying mechanism 94, in 
crease the loading of the spring 88. This has 
the effect of increasing rather rapidly the force 
tending to close the valve 76 and increases the 
pressure differential across the restriction 70 
which in turn causes an increased amount of 
fuel to flow to the burner units. Such increase 
of fuel results in maintaining the speed of the 
turbine substantially constant at the lower alti 
tude. In like manner, increase of altitude and 
consequent expansion of the device 58, reduces 
the loading of spring 88, thus decreasing the 
pressure differential across the restriction 70 and 
decreasing the flow of fuel to maintain constant 
turbine speed under the given conditions. Thus 
with a given position of the control lever 56, the 
pressure differential across orifice 70 is governed 
as a function of air density, and as previously 
pointed out, is preferably regulated in accordance 
with the square of the air density, thus varying 
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8 
'the fuel flow directly as density and securing 
Substantially constant turbine speed. . . . . . . 

It will be understood that while in the fore 
going, reference has been made to the operation 
of that form of the invention wherein the device 
14 is subjected to the pressures across the re 
Striction 70, it will be understood that the form 
Wherein the chamber 84 is subjected to the pres 
Sure within the generator 26 functions in a like 
manner to vary the quantity of fuel delivered 
to the burners in accordance with variations in 
air density. The only difference between the two 
forms is the manner of application of differential 
pressures to the device.74. The results obtained 
in the control of the quantity of fuel delivered 
to the burner units is the same in each instance. 
While the invention has been shown and de 

Scribed herein with considerable particularity, 
it will be understood that various changes and 
rearrangements may be made therein, as will 
be apparent to those skilled in the art, without 
departing from the scope of the invention. Ref 
erence will therefore be had to the appended 
claims for a definition of the limits of the in 
vention. 
What is claimed is: - ... " 
1. In a System for feeding iiquid fuel to the 

Combustion chamber of a gas turbine engine, 
a fuel conduit for Supplying fuel under pressure 
to Said chamber having a metering restriction 
therein, a manually operable power control valve 
for controlling said metering restriction, and 
means for automatically varying the quantity of 
fuel flowing past Said restriction at any selected 
position of Said valve in relation to changes 
in density of the air flowing to the engine in 
cluding a pressure-responsive device effective to 
relieve the pressure on the upstream side of said 
restriction, means for subjecting said device to 
the pressure differential across said restriction, 
control means for said pressure-responsive device 
movable to different effective control positions 
in response to changes in air density, and means 
for variably loading said device in accordance 
with the position of said control means. 

2. In a fuel feeding device for supplying liquid 
fuel to an engine, a fuel conduit, a manually 
controlled restriction in the conduit, a fuel pump 
in the conduit anterior to the restriction, a by 
paSS around said pump, a spring closed valve 
in the by-pass, means for variably loading the 
Spring including a capsule responsive to changes 
in density of the air flowing to the engine and 
a connection between the capsule and spring in 
cluding a parabolically contoured cam. 

3. In a System for feeding liquid fuel to th 
combustion chamber of a gas turbine engine, 
an atomizing nozzle for spraying fuel into said 
chamber, a fuel conduit for supplying fuel under 
preSSure to Said nozzle, a metering restriction 
in Said conduit upstream of said nozzle, a manu 
ally operable throttle valve for adjusting the 
area of Said restriction, and means for auto 
matically controlling the rate of fuel feed in 
proportion to engine inlet air density at fixed 
positions of said throttle valve including a device 
movable to different positions to vary the pres 
Sure drop across said restriction, a servo-motor 
for controlling said device, control means for said 
Servo-motor, and means responsive to changes 
in density of the air flowing to the engine for 
regulating Said servo-motor control means. - 

4. In a device for Supplying fuel to an engine, 
a fuel conduit having a metering restriction, 
therein, fuel-pressurizing means in the conduit 
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anterior the restriction, a by-pass communicat- Number Name Date 
ing the high pressure side of said means with a 2,085,761 Lysholm ------------ July 6, 1937 
low pressure source, a valve controlling said by- 2,136,959. Winfield ---------- Nov. 15, 1938 
pass, resilient means normally urging said valve 2,165,447 Browne ------------ July 11, 1939 
to closed position, and means for variably load- 5 2,264,375 Hill ---------------- Dec. 2, 1941 
ing said resilient means comprising a device 2,280.835 Lysholm ---------- Apr. 28, 1942 
movable in response to changes in density of the 2,315,715 Leibing ------------ Apr. 6, 1943 
air flowing to the engine and a connection be- 2,348,113 Davis -------------- May 2, 1944 
tween said device and resilient means including 2,405,888 Holley ------------ Aug. 13, 1946 
a contoured cam responsive to movement of said lo 2,406,973 Trisler ------------ Sept. 3, 1946 
device. 2,407,115 Udale -------------- Sept. 3, 1946 

RANK C. MOCK. 2,429,489 Roth -------------- Oct. 21, 1947 
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